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Specification 



Title of the Invention 



HIGH YIELD CULTURE METHOD FOR MICROORGANISMS 



Claims 



1. A high yield culture method for microorganisms metabolizing an 
acidic or alkaline substance as the microorganisms proliferate under 
environmental conditions controlled to be preferable for the proliferation of the 
microorganisms, characterized by measuring the amount of addition of a pH 
regulating agent and controlling substrate supply rate based on said amount of 
addition. 

2. A high yield culture method for microorganisms according to claim 
1, wherein a predetermined set amount of said pH regulating agent is added in 
succession, and the total amount is calculated by multiplying the number of 
additions, obtained by multiplying the frequency of such additions by the set 
period, with the predetermined set amount of one addition. 

Detailed Description of the Invention 

The present invention relates to a high yield culture method of 
microorganisms, and more particularly to a high yield culture method adapted 
for a high yield culture of microorganisms metabolizing an acidic or alkaline 
substance with proliferation. 
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As a culture method for microorganisms, tliere is already known a 
method of supplying the entire amount of a substrate constituting a carbon 
source prior to the start of culture, or a method of supplying a substrate 
constituting a carbon source also in the course of culture. 

However, the former culture method for microorganisms has a drawback 
in that the proliferation of the microorganisms is hindered by the large amount 
of carbon source present at the start of the culture, while the latter culture 
method for microorganisms is capable of maintaining a stable culture over a 
long period as the concentration of the carbon source can be maintained 
constant, but, because the consumption rate of the carbon source by the 
microorganisms shows a large variation, it is associated with following 
drawbacks, depending on the supply method of the substrate constituting the 
carbon source: 

(1) In a method of supplying a predetermined constant amount of substrate 
in succession or in continuous manner, in case the supply amount of the 
substrate cannot follow the change in the consumption rate of the carbon source 
by the microorganisms, the carbon source becomes excessive or deficient to 
hinder the proliferation of the microorganisms; 

(2) In case the carbon source is an organic acid, there can be employed a 
method of supplying the substrate constituting the carbon source utilizing pH of 
the culture medium as an index, but, in such case, it is unavoidable that pH of 
the culture medium increases with the consumption of the organic acid by the 
microorganisms, and the carbon source is restricted; 

(3) In case the carbon source is neutral, there can be employed a method of 
supplying the substrate constituting the carbon source utilizing a dissolved 
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oxygen concentration as an index, but a current dissolved oxygen concentration 
meter has difflculties in that it has drift, sensitivity loss etc. and is incapable of 
providing an exact dissolved oxygen concentration, whereby the substrate supply 
cannot be precisely controlled. 

The present invention has been devised to solve the aforementioned 
drawbacks, and is devised to provide a high yield culture method for 
microorganisms capable of attaining a high yield of microorganisms, 
characterized in measuring an amount of addition of a pH regulating agent and 
controlling a supply rate of a substrate constituting a carbon source based on 
such amount of addition. 

An embodiment of the present invention will be explained with reference 
to the accompanying drawing* 

The drawing is a system view of a high yield culture apparatus for 
microorganisms embodying the present invention, wherein a culture tank 10 is 
provided with a dissolved oxygen concentration regulating apparatus, for 
example rotatable agitating flns 12 rotated by a drive apparatus 11 having a 
revolution rate varying apparatus, a pH regulating apparatus 13 having an 
alkali or acid tank with a solenoid valve and a regulating valve all on top of the 
apparatus, a substrate supply rate regulating apparatus such as a variable flow 
rate pump 14, a pressure regulating apparatus such as an exhaust flow rate 
regulating valve 15, or a pressure measuring apparatus such as a pressure gauge 
16, while in a middle portion there are provided a pH measuring apparatus such 
as a pH electrode 17, a temperature measuring apparatus such as a 
temperature-measuring resistor 18, and a dissolved oxygen concentration 
measuring apparatus such as a dissolved oxygen concentration meter 19, and an 
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aerating pipe 20 is connected to a lower part. Also, a jacket 21 provided 
around the culture tank 10 is provided with a temperature regulating apparatus 
such as coolant flow rate regulating valve 22. The pressure gauge 16, the pH 
electrode 17, the temperature-measuring resistor 18 and the dissolved oxygen 
concentration meter 19 are respectively connected to an analog/digital 
converting apparatus such as an A/D converter 23 with a multiplexer and 
capable of multi-point processing, while the drive apparatus 11, the pH 
regulating apparatus 13, the variable flow rate pump 14, the exhaust flow rate 
regulating valve 15 and the coolant flow rate regulating valve 22 are respectively 
connected to a calculation/control/memory/ 

input-output apparatus such as a minicomputer 24 with a keyboard, that is 
connected to the A/D converter 23. 

A culture medium 25 is charged in the culture tank 10 and, in case the 
microorganisms are for example aerobic, the culture is started by aeration from 
the aerating pipe 20. During the culture, pH, temperature, and dissolved 
oxygen concentration of the culture medium 25 and pressure of the culture tank 
10 are measured by the pH electrode 17, the temperature-measuring resistor 18, 
the dissolved oxygen concentration meter 19 and the pressure gauge 16, and 
these measured values are respectively converted by the A/D converter 23 into 
digital values which are supplied to the minicomputer 24 and compared therein 
with separately entered set values, and, based on the results, the minicomputer 
24 outputs control output signals to the pH regulating apparatus 13, the coolant 
flow rate regulating valve 22, the drive apparatus 11 and the exhaust flow rate 
regulating valve 15 thereby controlling the environmental conditions of pH, 
temperature, and dissolved oxygen concentration of the culture medium 25 and 
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pressure of the culture tank 10 at conditions preferable for the proliferation of 
the microorganisms. 

In this manner, the pH of the culture medium 25 during the culture is 
constantly controlled to be the set value, and, the speed of variation in pH is 
proportional to the amount of addition of the pH regulating agent from the pH 
regulating apparatus 13 to the culture medium 25 which is required for 
controlling the pH of the culture medium 25 to be the set value. Therefore, the 
measurement of the amount of addition of the pH regulating agent is made by 
maintaining the pH regulating agent that is added by the opening action of the 
solenoid valve of the pH regulating apparatus 13, at a constant amount, and by 
multiplying the number of additions obtained by multiplying the frequency of 
such additions by the set period, with the above amount of the pH regulating 
amount added by the opening action of the solenoid valve of the pH regulating 
apparatus 13, and the minicomputer 24 executes a calculation according to the 
equation (1) based on the amount of addition of the pH regulating agent and 
outputs a control output signal to the variable flow rate pump 14, whereby the 
substrate can be supplied with the appropriate supply rate to the culture 
medium 25. 

F = CN-q (1) 
wherein: 

F: substrate supply rate 

N: number of additions obtained by multiplying a frequency of such 
additions by the set period 

q: set amount of the pH regulating amount added in the opening action 
of the solenoid valve of the pH regulating apparatus 13. 
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In a high yield culture method for microorganisms, the excess or 
deficiency of the carbon source in the culture medium can be prevented by 
controlling the substrate supply rate to the culture medium, which is done by 
adjusting the amount of addition of the pH regulating agent to that required for 
maintaining the pH of the culture medium, this amount being proportional to the 
speed of variation of pH when the pH of the culture medium during the culture 
is controlled so as to maintain a set value. 

As explained in the foregoing, the present invention is a high yield 
culture method for microorganisms metabolizing an acidic or alkaline substance 
as the microorganisms proliferate under environmental conditions controlled to 
be preferable for the proliferation of the microorganisms, by measuring the 
amount of addition of a pH regulating agent and controlling the substrate supply 
rate based on the amount of addition, and thus has the effect of preventing 
excess or deficiency of the carbon source in the culture medium and attaining a 
high yield of the microorganisms. 

Brief Description of the Drawing 

The drawing shows an embodiment of the present invention and is a 
system view of a high yield microorganism culture apparatus embodying the 
present invention. 

10 culture tank 

11 drive apparatus 

12 agitating fins 

13 pH regulating apparatus 

14 variable flow rate pump 
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15 exhaust flow rate regulating valve 

16 pressure gauge 

17 pH electrode 

18 temperature measuring resistor 

19 dissolved oxygen concentration meter 

20 aerating pipe 

21 jacket 

22 coolant flow rate regulating valve 

23 A/D converter 

24 minicomputer 



[drawing] 

pH regulating agent 

substrate exhaust 
aeration coolant 
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